Cohomology of Groups in Arbitrary Categories by Pareigis, Bodo
P R O C E E D I N G S 
OF T H E 
AMERICAN MATHEMATICAL SOCIETY 
E D I T E D B Y 
E L D O N D Y E R R. C . B U C K 
M . H . H E I N S F R I T Z J O H N 
A L E X R O S E N B E R G G E O R G E W H A P L E S 
WITH T H E COOPERATION OF 
W I L L I A M B R O W D E R Y . W. C H E N C. W. C U R T I S 
F . W. G E H R I N G M I C H E L K E R V A I R E A N I L N E R O D E 
S. M . S H A H P E T E R U N G A R 
V O L U M E 15 
1964 
P U B L I S H E D B Y T H E A M E R I C A N M A T H E M A T I C A L S O C I E T Y 
P R O V I D E N C E , R H O D E I S L A N D 
I N D E X T O V O L U M E 15 
* Starred items are "Shorter Notes" 
Abhyankar, Shreeram. A r e m a r k o n t h e n o n n o r m a l l o c u s of a n a n a l y t i c Space, 505,1000. 
Accola, R. D. M . On a class of R i e m a n n surfaces, 607. 
Adler, R. L . and Rivlin, T. J . E r g o d i c a n d m i x i n g p r o p e r l i e s of Chebyshev p o l y n o m i a l s , 
794. 
Almgren, F . J. , Jr. A n i s o p e r i m e t r i c i n e q u a l i t y , 284. 
Amir, D . P r o j e c t i o n s o n t o c o n t i n u o u s f u n c t i o n Spaces, 396. 
Andrews, J . J . and Dristy, Forrest. The M i n k o w s k i U n i t s of r i b b o n k n o l s , 856. 
Anselone, P. M . and Korevaar, J . T r a n s l a t i o n i n v a r i a n t subspaces of finite d i m e n s i o n , 
747. 
Apostol, T. M . A s h o r t proofofShö I s e k i ' s f u n c t i o n a l e q u a t i o n , 618. 
Appel, K . I. and Djorup, F . M . O n t h e g r o u p generated by a f r e e s e m i g r o u p , 838. 
Arkowitz, Martin. A n e x a m p l e f o r h o m o t o p y g r o u p s w i t h coefficients, 136. 
Austin, C. W. P o s i t i v e s e m i c h a r a c t e r s of some c o m m u t a t i v e s e m i g r o u p s , 382. 
Bauman, S. N o n s o l v a b l e I C g r o u p s , 823. 
Baxter, Glen. O n fixed p o i n t s of t h e c o m p o s i t e of c o m m u t i n g f u n c t i o n s , 851. 
Beck, Anatole. A t h e o r e m o n m a x i m u m m o d u l u s , 345. 
O n r i n g s on r i n g s , 350. 
Bender, E . A . N u m e r i c a l i d e n t i t i e s i n l a t t i c e s w i t h a n a p p l i c a t i o n t o D i r i c h l e t p r o d u c t s , 8. 
Berg, I. D . A B a n a c h algebra c r i t e r i o n f o r T a u b e r i a n theorems, 648. 
Bergman, G. M . A r i n g p r i m i t i v e o n the r i g h t but n o t o n t h e left, 473, 1000. 
Berkson, A . J . The u-algebra of a r e s t r i c t e d L i e algebra i s F r o b e n i u s , 14. 
Bialynicki-Birula, A . O n t h e i n v e r s e P r o b l e m of G a l o i s t h e o r y of differential fields, 960. 
Bojanic, R. and Musielak, J. A n i n e q u a l i t y f o r f u n c t i o n s w i t h d e r i v a t i v e s i n a n O r l i c z 
Space, 902. 
Bouwsma, W. D. Z e r o s of f u n c t i o n s of regulär g r o w t h o n a l i n e , 938. 
Brannen, J . P. C o n c e r n i n g Hausdorff m a t r i c e s a n d a b s o l u t e l y convergent sequences, 114. 
Brauer, Fred. N o n l i n e a r differential e q u a t i o n s w i t h f o r c i n g t e r m s , 758. 
Brauer, Richard. A n o t e o n theorems of B u r n s i d e a n d B l i c h f e l d t , 31. 
Bridgland, T. F., Jr. A s y m p t o t i c e q u i l i b r i a i n homogeneous a n d nonhomogeneous Sys-
tems, 131. 
Browder, A . and Wermer, J . A m e t h o d f o r c o n s t r u c t i n g D i r i c h l e t a l g e b r a s , 546. 
Brown, A . O n t h e a d j o i n t of a closed t r a n s f o r m a t i o n , 239. 
Brown, D. R. On c l a n s of n o n - n e g a t i v e m a t r i c e s , 671. 
Brown, Gordon. A r e m a r k o n s e m i - s i m p l e L i e a l g e b r a s , 518. 
Bruckner, A. M . Some r e l a t i o n s h i p s between locally super a d d i t i v e f u n c t i o n s a n d convex 
f u n c t i o n s , 61. 
Bumby, R. T. A n e l e m e n t a r y e x a m p l e i n p - a d i c d i o p h a n t i n e a p p r o x i m a t i o n , 22. 
Butts, H . S. U n i q u e f a c t o r i z a t i o n of i d e a l s i n t o nonfactorable i d e a l s , 21. 
Calabi, Eugenio. L i n e a r Systems of real q u a d r a t i c f o r m s , 844. 
Callahan, F . P. D e n s i t y a n d u n i f o r m density, 841. 
Cantor, D. G. A s i m p l e c o n s t r u c t i o n of a n a l y t i c f u n c t i o n s w i t h o u t r a d i a l l i m i t s , 335. 
Cantrell, J . C. n-frames i n e u c l i d e a n k-space, 574. 
Carlitz, L . The coefficients of t h e reciprocal of a Bessel f u n c t i o n , 318. 
Carroll, F . W. O n bounded f u n c t i o n s w i t h a l m o s t - p e r i o d i c differences, 241. 
Carroll, Robert. O n t h e s t r u c t u r e of t h e Green's Operator, 225. 
Cavior, S. R. E x p o n e n t i a l sums related t o p o l y n o m i a l s over t h e G F ( p ) , 175. 
1001 
1002 INDEX TO VOLUME 15 [December 
Chacon, R. V . A c l a s s of l i n e a r t r a n s f o r m a t i o n s , 560. 
Chacon, R. V . and Krengel, U . L i n e a r m o d u l u s of a l i n e a r Operator, 553. 
Chakerian, G. D. O n some g e o m e t r i c i n e q u a l i t i e s , 886. 
Chao, C . -Y . O n a t k e o r e m of Sabidussi, 291. 
Cohen, Eckford, A r i t h m e t i c a l notes. X . A class of t o t i e n t s , 534. 
Cohen, Haskell. O n fixed p o i n t s of c o m m u t i n g f u n c t i o n s , 293. 
Cohen, H . B . The k - n o r m extension p r o p e r t y f o r B a n a c h Spaces, 797. 
Coleman, D. B. O n t h e m o d u l a r g r o u p r i n g of a p - g r o u p , 511. 
Crowell, R. H . The a n n i h i l a t o r of a k n o t m o d u l e , 696. 
Dawson, D. F. Some r a t e i n v a r i a n t sequence t r a n s f o r m a t i o n s , 710. 
Deckard, Don and Pearcy, Carl. O n algebraic c l o s u r e i n f u n c t i o n a l g e b r a s , 259. 
Dickson, D. G. I n f i n i t e order differential e q u a t i o n s , 638. 
Distler, R. J . The d o m a i n of u n i v a l e n c e of c e r t a i n classesof m e r o m o r p h i c f u n c t i o n s , 923. 
Djorup, F . M . See Appel, K . I. 
Dowker, Y . N . and Lederer, G. O n ergodic measures, 65. 
Dristy, Forrest. See Andrews, J . J . 
Dudley, R. M . P a t h o l o g i c a l t o p o l o g i e s a n d r a n d o m w a l k s o n a b e l i a n g r o u p s , 231. 
Earle, C. J . O n t h e h o m o t o p y classes of self-mappings of bordered R i e m a n n surfaces, 622. 
Edelstein, Michael. O n n o n e x p a n s i v e m a p p i n g s , 689. 
Enochs, Edgar. H o m o t o p y g r o u p s of c o m p a c t A b e l i a n g r o u p s , 878. 
Ferguson, J . D. E n t r o p y f o r n o n i n v e r t i b l e t r a n s f o r m a t i o n s , 895 
Flanders, Harley, S a t e l l i t e s of half exact f u n c t o r s , a c o r r e c t i o n , 834. 
Foguel, S. R. A c o u n t e r e x a m p l e to a p r o b l e m of Sz.-Nagy, 788. 
Foster, B . L . S h o r t proof of a t h e o r e m of Rado o n g r a p h s , 865 
Fox, R. H . and Smythe, N . A n i d e a l class i n v a r i a n t of k n o t s , 707. 
Freedman, D. A . D e t e r m i n i n g the t i m e scale of a M a r k o v c h a i n , 87. 
Gaifman, Haim and Specker, E . F . I s o m o r p h i s m types of trees, 1. 
Gaughan, E . D. The i n d e x p r o b l e m f o r i n f i n i t e Symmetrie g r o u p s , 527. 
Gel bäum, B. R. Von Neumann's t h e o r e m o n A b e l i a n f a m i l i e s of Operators, 391. 
George, M . D. C o m p l e t e l y well-posed P r o b l e m s f o r n o n l i n e a r differential e q u a t i o n s , 96. 
Getoor, R. K . and VVoll, J . W., Jr. M u l l i p l i c a t i v e f u n c t i o n a l s of a M a r k o v process, 80. 
*Gil de Lamadrid, Jesus. Some s i m p l e a p p l i c a t i o n s of t h e closed g r a p h t h e o r e m , 509. 
Gilmer, R. W., Jr. I n t e g r a l d o m a i n s w h i c h a r e a l m o s t D e d e k i n d , 813. 
Ginsburg, Michael. O n t h e homology of fiber Spaces, 423. 
Goodman, R. W. O n e - s i d e d i n v a r i a n t subspaces a n d d o m a i n s of uniqueness f o r hyper-
bolic e q u a t i o n s , 653. 
Goodner, D . B . The closed convex h u l l of c e r t a i n extreme p o i n t s , 256. 
Gottschalk, W. H . and Hedlund, G. A . A c h a r a c t e r i z a l i o n of the M o r s e m i n i m a l set, 
70. 
Grace, E . E . A t o t a l l y n o n a p o s y n d e t i c , c o m p a c t , Hausdorff Space w i t h no c u t p o i n t , 281. 
Graham, Nancy. N o t e o n M - g r o u p o i d s , 525. 
Graham, R. L . O n q u a d r u p l e s of c o n s e c u t i v e k t h p o w e r r e s i d u e s , 196. 
Guggenheimer, H . Topology a n d e l e m e n t a r y geometry. II. S y m m e l r i e s , 164. 
Haimos, P. R. O n FogueVs answer t o Nagy's q u e s t i o n , 791. 
Hano, Jun-ichi. On compact complex coset Spaces of reduetive Lie groups, 159. 
Hasumi, Morisuke and Seever, G. L . The extension a n d the lifting p r o p e r t i e s of B a n a c h 
Spaces, 773. 
Head, T. J . N o t e o n t h e o c c u r r e n c e of direct f a c t o r s i n g r o u p s , 193. 
Hedlund, G. A . See Gottschalk, W. H . 
Kempel, John. A s i m p l y connected 3-manifold i s S3 if it i s t h e sum of a s o l i d t o r u s a n d 
t h e c o m p l e m e n t of a t o r u s k n o t , 154. 
964] INDEX TO VOLUME 15 1003 
Herzog, J . O. PhragmSn-Lindelöf theorems f o r second order q u a s i - l i n e a r e l l i p t i c p a r t i a l 
differential e q u a t i o n s , 721. 
Hilton, P. J . R e m a r k o n loop spaces, 596. 
Hinrichs, L . A . I n t e g e r t o p o l o g i e s , 991. 
Hoyt, W. L . E m b e d d i n g s of P i c a r d v a r i e t i e s , 26. 
Hudson, A . L . N o t e o n p o i n t - w i s e p e r i o d i c s e m i g r o u p s , 700. 
Hudson, S. N . T r a n s f o r m a t i o n g r o u p s i n the theory of t o p o l o g i c a l l o o p s , 872. 
Hummel, J . A . The G r u n s k y coefficients of a s c h l i c h t f u n c t i o n , 142. 
*Hunt, R. A . and Weiss, Guido. The M a r c i n k i e w i c z i n t e r p o l a t i o n t h e o r e m , 996. 
Insel, A . J . A r e l a t i o n s h i p between the complete topology a n d the order topology of a 
l a t t i c e , 847. 
Jacobson, Bernard. Sums of d i s t i n c t d i v i s o r s a n d sums of d i s t i n c t u n i t s , 179. 
Janowitz, M . F. O n the a n t i t o n e m a p p i n g s of a poset, 529. 
Jensen, Chr. U . A r e m a r k o n a r i t h m e t i c a l r i n g s , 951. 
Johnson, B. E . I s o m e t r i c i s o m o r p h i s m s of measure a l g e b r a s , 186. 
Johnson, H . H . B r a c k e l a n d e x p o n e n t i a l f o r a new type of vector field, 432. 
A new type of vector field a n d i n v a r i a n t differential Systems, 675. 
Johnson, K . G. B(S, 2) algebras, 247. 
Kahn, D. W. A n o t e o n H-spaces a n d P o s t n i k o v Systems of spheres, 300. 
Kammerer, W. J . and Kasriel, R. H . O n c o n t r a c t i v e m a p p i n g s i n u n i f o r m Spaces, 288 
Kasriel, R. H . See Kammerer, W. J . 
Keisler, H . J . U n i o n s of r e l a t i o n a l Systems, 540. 
Kelly, J . B . P a r t i t i o n s w i t h equal p r o d u c t s , 987. 
Kennedy, P. B . A p r o b l e m o n bounded a n a l y t i c f u n c t i o n s , 325. 
Kim, Jehpill, O n (n— \ ) ~ d i m e n s i o n a l f a c t o r s of I n , 679. 
Kingman, J . F. C. and Orey, Steven. R a t i o l i m i t theorems f o r M a r k o v c h a i n s , 907. 
Kirk, W. A . O n locally i s o m e t r i c m a p p i n g s of a G-space o n itself, 584. 
Kishore, Nand. The R a y l e i g h p o l y n o m i a l , 911. 
Korevaar, J . See Anselone, P. M . 
Krause, E . F. O n the collection process, 497. 
G r o u p s of exponent 8 satisfy t h e 14/fc E n g e l c o n g r u e n c e , 491. 
Kreith, Kurt. O s c i l l a t i o n theorems f o r e l l i p t i c e q u a t i o n s , 341. 
Krengel, U . See Chacon, R. V. 
Kwun, K . W. Uniqueness of t h e open cone n e i g h b o r h o o d , 476. 
Langenhop, C. E . O n t h e s t a b i l i z a t i o n of l i n e a r Systems, 735. 
Lederer, G. See Dowker, Y . N . 
Leger, G. A n o t e o n free L i e a l g e b r a s , 517. 
Levinson, N . The p r i m e n u m b e r t h e o r e m f r o m log n \ , 480. 
O n a n i n e q u a l i t y of O p i a l a n d Beesack, 565. 
Lima, E . L . C o m m u t i n g vector fields o n S2, 138. 
Lindenstrauss, Joram. O n the e x t e n s i o n of Operators w i t h ränge i n a C{K) Space, 218. 
O n p r o j e c t i o n s w i t h n o r m 1—an e x a m p l e , 403. 
Lipschutz, Seymour. A n extension of G r e e n d l i n g e r ' s r e s u l t s o n the word p r o b l e m , 37. 
Lodato, M . W. On topologically i n d u c e d g e n e r a l i z e d p r o x i m i t y r e l a t i o n s , 417. 
Lorch, Lee, and Szego, Peter. M o n o t o n i c i t y of t h e differences of zeros ofBessel f u n c t i o n s 
as a f u n c t i o n of order, 91. 
Lorentz, G. G. and Zeller, K . S u m m a t i o n of sequences a n d s u m m a t i o n of series, 743. 
Losey, Gerald. A note o n g r o u p s of p r i m e p o w e r exponent satisfying a n E n g e l c o n g r u -
ence, 209. 
On t h e s t r u c t u r e of x - r e g u l a r s e m i g r o u p s , 955. 
McCarthy, C. A. C o m m u t i n g B o o l e a n algebras of p r o j e c t i o n s . II. Boundedness i n L p , 781 
1004 INDEX TO VOLUME 15 [December 
MacGregor, T. H . A class of Univalent f u n c t i o n s , 311. 
A c o v e r i n g theorem f o r convex mappings, 310. 
MacNerney, J . S. C h a r a c t e r i z a t i o n of regulär Hausdorff moment sequences, 366. 
Mahowald, Mark. O n embedding m a n i f o l d s w h i c h a r e bundles over spheres, 579. 
Marcus, Marvin. The H a d a m a r d theorem f o r permanents, 967. 
Meyers, N . G. M e a n o s c i l l a t i o n over cubes a n d H o l d e r c o n t i n u i t y , 717. 
Michael, E . Three m a p p i n g theorems, 410. 
A s h o r t proof of the Arens-Eells embedding theorem, 415. 
A l i n e a r m a p p i n g between f u n c t i o n Spaces, 407. 
Milnor, J . O n the B e t t i numbers of r e a l v a r i e t i e s , 275. 
Mröwka, S. G. and Pervin, W. J . O n u n i f o r m connectedness, 446. 
Munkres, James. O b s t r u c t i o n s to extending diffeomorphisms, 297. 
Musielak, J . See Bojanic, R. 
Norman, E . See Wei, J . 
Nussbaum, A . E . O n the r e d u c t i o n of C*-algebras, 567. 
Olubummo, A . A note on p e r t u r b a t i o n theory f o r s e m i - g r o u p s of Operators, 818. 
Orey, Steven. See Kingman, J . F . C. 
Orland, G. H . O n a class of Operators, 75. 
Pareigis, Bodo. Cohomology of groups i n a r b i t r a r y categories, 803. 
Pasiencier, Samuel. Homogeneous almost complex Spaces of p o s i t i v e c h a r a c t e r i s t i c , 601. 
Pearcy, Carl. O n c e r t a i n von Neumann a l g e b r a s w h i c h a r e generated by p a r t i a l i s o -
metries, 393. 
See Deckard, Don. 
Pervin, W. J . See Mröwka, S. G. 
See Sieber, J . L . 
Petro, J . W. Some results on the asymptotic c o m p l e t i o n of an i d e a l , 519. 
Pless, Vera. O n W i t t ' s theorem f o r n o n a l t e r n a t i n g S y m m e t r i e b i l i n e a r forms over a field 
of c h a r a c t e r i s t i c 2, 979. 
Poole, J . T. A note on v a r i a t i o n a l methods, 929. 
Porter, G. J . H o m o t o p i c a l n i l p o t e n c e of S3, 681. 
Posner, E . C. See Rumsey, Howard, Jr. 
Pour-El, M . B . Gödel numberings versus F r i e d b e r g n u m b e r i n g s , 252. 
Putnam, Hilary. O n h i e r a r c h i e s a n d Systems of n o t a t i o n s , 44. 
Quintas, L . V. See Supnick, Fred. 
Rajeswara Rao, K . V . Lindelöfian m e r o m o r p h i c f u n c t i o n s , 109. 
Remarks on the Classification of Riemann surfaces, 632. 
Rapaport, E . S. G r o u p s of order 1, 828. 
Redheffer, R. M . Differential a n d i n t e g r a l i n e q u a l i t i e s , 715. 
Ree, Rimhak. Commutators i n semi-simple a l g e b r a i c g r o u p s , 457. 
Reiner, Irving. O n the number of i r r e d u c i b l e m o d u l a r representations of a finite g r o u p , 
810. 
Retherford, J . R. A note on u n c o n d i t i o n a l bases, 899. 
Rhoades, B . E . Some Hausdorff m a t r i c e s n o t of type M , 361. 
Rivlin, T. J . See Adler, R. L . 
Roberts, J . B . Some o r t h o g o n a l f u n c t i o n s connected w i t h p o l y n o m i a l i d e n t i t i e s . II, 127. 
Robinson, C. E . A note on Saalfrank's g e n e r a l i z a t i o n of absolute r e t r a c t , 308. 
Rodin, Burton. The sharpness of Sario's g e n e r a l i z e d P i c a r d theorem, 373. 
E x t r e m a l l e n g t h of weak homology classes on Riemann surfaces, 369. 
Rogers, Kenneth. The S c h n i r e l m a n n density of the squarefree i n t e g e r s , 515. 
Rosenstein, G. M . , Jr. A f u r t h e r extension of Lebesgue's c o v e r i n g theorem, 683. 
1964] INDEX TO VOLUME 15 1005 
Roth, R. F l a g - t r a n s i t i v e planes of even o r d e r , 485. 
Rothenberg, Melvin, The J f u n c t o r a n d t h e n o n s t a b l e h o m o t o p y g r o u p s of t h e u n i t a r y 
g r o u p s , 264. 
Royster, W. C. A P o i s s o n i n t e g r a l f o r m u l a f o r t h e e l l i p s e a n d some a p p l i c a t i o n s , 661. 
*Rubel, L . A . A c o m p l e x - v a r i a b l e s proof of Hölder's i n e q u a l i t y , 999. 
Rudin, Walter. A n a r i t h m e t i c p r o p e r t y of R i e m a n n sums, 321. 
Rumsey, Howard, Jr. and Posner, E . C. O n a class of e x p o n e n t i a l e q u a t i o n s , 974 
Ryan, Robert. R e p r e s e n t a t i v e sets a n d d i r e c t sums, 387. 
Sacks, G. E . A s i m p l e set w h i c h i s n o t effectively s i m p l e , 51. 
Samelson, Hans. A n o t e o n the B o c k s t e i n Operator, 450. 
Sandler, Reuben. Some theorems o n the a u t o m o r p h i s m g r o u p s of p l a n a r t e r n a r y r i n g s , 
984. 
Saworotnow, P. P. O n a r e a l i z a t i o n of a c o m p l e m e n t e d a l g e b r a , 964. 
Seall, Robert and Wetzel, Marion. Q u a d r a t i c f o r m s a n d c h a i n sequences, 729. 
Seeley, R. T. E x t e n s i o n of C™ f u n c t i o n s defined i n a half Space, 625. 
Seever, G . L . See Hasumi, Morisuke. 
Seiden, John. A n o t e o n c o m p a c t s e m i r i n g s , 882. 
Schaefer, H . H . On the point spectrum of positive Operators, 56. 
Schue, J . R. The s t r u c t u r e of h y p e r r e d u c i b l e triangulär a l g e b r a s , 766. 
Sharma, P. L . On t h e sequence of F o u r i e r coefficients, 337. 
Shields, Allen L . O n f i x e d p o i n t s of c o m m u t i n g a n a l y t i c f u n c t i o n s , 703. 
Shisha, O. See Walsh, J . L . 
Shuka, U . A r e l a t i v e cohomology f o r a s s o c i a t i v e a l g e b r a s , 461. 
Sieber, J . L . and Pervin, W. J . Connectedness i n syntopogeneous Spaces, 590. 
Silverman, Edward. Geodesics a n d Lebesque a r e a , 775. 
Smullyan, R. M . Ejffectively s i m p l e sets, 893. 
Smythe, N . See Fox, R. H . 
Sobczyk, Andrew. Convex p o l y g o n s , 438. 
Specker, E . F . See Gaifman, Haim. 
Srivastava, K . N . I n v e r s i o n i n t e g r a l s i n v o l v i n g J a c o b i ' s p o l y n o m i a l s , 635. 
Errata to A class of i n t e g r a l e q u a t i o n s i n v o l v i n g u l t r a s p h e r i c a l p o l y n o m i a l s as 
K e r n e l , 1000. 
Stearns, R. E . O n t h e a x i o m s f o r a cooperative game w i t h o u t s i d e payments, 82. 
Stoneham, R. G. The reciprocals of i n t e g r a l p o w e r s of p r i m e s a n d n o r m a l n u m b e r s , 200. 
Stong, R. E . R e l a t i o n s a m o n g Stiefel W h i t n e y classes, 151. 
Stuth, C. J . A g e n e r a l i z a t i o n of the C a r t a n - B r a u e r - H u a T h e o r e m , 211 
Sudler, Culbreth, Jr. T w o algebraic i d e n t i t i e s a n d t h e unboundedness of a r e s t r i c t e d 
p a r t i t i o n f u n c t i o n , 16, 1000. 
Supnick, Fred and Quintas, L . V . E x t r e m e H a m i l t o n i a n c i r c u i t s . R e s o l u t i o n of the 
convex-odd case, 454. 
Szego, Peter. See Lorch, Lee. 
Thaler, A . I. On the N e w t o n p o l y t o p e , 944. 
Tits, J . A t h e o r e m o n g e n e r i c n o r m s of s t r i c t l y p o w e r a s s o c i a t i v e a l g e b r a s , 35. 
Tomi6, M . A convergence c r i t e r i o n f o r F o u r i e r series, 612. 
Tomonaga, Yasurö. A genus a n d i n d e c o m p o s a b i l i t y of differentiable m a n i f o l d s , 586. 
Treybig, L . B . C o n c e r n i n g c o n t i n u o u s images of c o m p a c t ordered Spaces, 866. 
Tung, Shih-Hsiung. H a r n a c k ' s i n e q u a l i t y a n d theorems o n m a t r i x Spaces, 375. 
Vermes, Robert. O n W r o n s k i a n s whose elements a r e o r t h o g o n a l p o l y n o m i a l s , 124 
Wachman, Murray. G e n e r a l i z e d L a u r e n t s e r i e s f o r s i n g u l a r Solutions of e l l i p t i c p a r t i a l 
differential e q u a t i o n s , 101. 
1006 INDEX TO VOLUME 15 
Walsh, J . L . A t h e o r e m of Grace on t h e zeros of p o l y n o m i a l s , r e v i s i t e d , 354. 
Walsh, J . L . and Shisha, O. E x t r e m a l p o l y n o m i a l s a n d the zeros of t h e d e r i v a t i v e of a 
r a t i o n a l f u n c t i o n , 753. 
Waltman, Paul. A b i f u r c a t i o n t h e o r e m , 627. 
O n t h e a s y m p t o t i c behavior of Solutions of a n o n l i n e a r e q u a t i o n , 918 
Wang, J . S. P. O n c o m p l e t e l y decomposable g r o u p s , 184. 
Watari, Chinami. C o n t r a c t i o n of W a l s h F o u r i e r series, 189. 
Wei, J . and Norman, E . O n global r e p r e s e n t a t i o n s of t h e S o l u t i o n s of l i n e a r differential 
e q u a t i o n s as a p r o d u c t of e x p o n e n t i a l s , 327. 
Weiss, Guido. See Hunt, R. A . 
Wells, James. R e s t r i c t i o n s of F o u r i e r - S t i e l t j e s t r a n s f o r m s , 243. 
Wermer, J . See Browder, A . 
Wetzel, Marion. See Seall, Robert. 
Wilf, H . S. The s t a b i l i t y of s m o o t h i n g by l e a s t Squares, 933. 
Wolf, J . A . C u r v a t u r e i n n i l p o t e n t L i e g r o u p s , 271. 
Wölk, E . S. O n d e c o m p o s i t i o n s of p a r t i a l l y ordered sets, 197. 
Woll, J . W., Jr. See Getoor, R. K . 
Wong, Yuen-Fat. S i m i l a r i t y t r a n s f o r m a t i o n s of hyper surfaces, 286. 
Wright, E . M . D i r e c t proof of the b a s i c t h e o r e m o n m u l t i p a r t i t e p a r t i t i o n s , 469. 
Young, P. R. O n r e d u c i b i l i t y by r e c u r s i v e f u n c t i o n s , 889. 
Zeitlin, David. O n t h e sums 
ZLo k P a n d SLo (-1)** p. 642. 
Zeller, K . See Lorentz, G. G. 
S T A T E M E N T O F O W N E R S H I P , 
M A N A G E M E N T A N D C T R C U L A T I O N 
( A c t of October 23. 1962; Section 4369, T i t l e 39, 
U n i t e d States Code) 
1. D a i e o f f i l i n g : September 22, 1964 
2. T i l l e o f P u b l i c a l i o n : Proceedings of the A m e r i -
can M a t h e m a t i c a l Society 
3. Frequency o f issue: Six issues per year 
4. Location o f known office o f publication: 190 
H o p e Street, Providence, R . I . 02906 
5. Location o f the headquarters or general business 
offices o f the publishers: 190 Hope Street, 
Providence, R . I . 02906 
6. Names and addresses o f publisher, ediior and 
m a n a g i n g editor. Publisher: Amer ican Mathe -
mat ical Society, 190 Hope Street, Provi -
dence, R . I . 02906. Editor: E l d o n Dyer , 
C h a i r m a n of the Editor ia l Committee , 190 
H o p e Street, Providence, R . I . 02906. M a n -
aging editor: N o n e 
7. Owner: N o n e 
8. Known bondholders, morlgagees, and other se-
curity holders owning or H o l d i n g 1 Percent or 
tnore o f total atnount o f bonds, morigages or 
other securities: None 
9. Paragraphs 7 and 8 include, in cases where 
the stockholder or security holder appears 
l ipon the books of the Company as trustee or 
in any other fiduciary relation, the name of 
the person or corporation for whom such 
triistee is acting, also the Statements in the 
two paragraphs show the affiant's f ü l l knowl-
edge and belief as to the circumstances and 
conditions under which stockholders and 
security holders who do not appear upon the 
books of the Company as trustees, hold stock 
and securities in a capacity other than that 
of a bona fide owner. Names and addresses 
of individuals who are stockholders of a cor-
poration which itself is a stockholder or 
holder of bonds, mortgages or other securi-
ties of the Publishing corporation have been 
included in paragraphs 7 and 8 when the 
interests of such individuals are equivalent 
to 1 percent or more of the total amount of 
the stock or securities of the Publishing 
corporation. 
I certify that the Statements made by me above 
are correct and complete .—Gordon L . Walker 
C O H O M O L O G Y O F G R O U P S I N A R B I T R A R Y 
C A T E G O R I E S 
BODO PAREIGIS 1 
1. Introduction. In this paper we give a short sketch of a method 
of doing cohomology theory of group-like objects in arbitrary cate-
gories. The way of approach is closely connected with the usual the-
ory of cohomology of groups and has also been used by D . K . Harr i -
son in [ö]. Specifically the equivalence of the homogeneous, inhomo-
geneous, and normalized theories wi l l be shown. Since we consider 
arbitrary categories we must give all definitions by properties of maps 
and cannot apply explicit computations with elements. But instead 
of using the diagrams which contain the maps of those definitions, 
we consider these maps as elements of the morphism sets and use the 
algebraic structures of the morphism sets which are induced by the 
abstractly defined structures of the objects. 
In [ö] two examples of this theory, Harrison's complex and 
Amitsur 's complex, have already been mentioned. Since the homo-
geneous and inhomogeneous definitions of Harrison's complex are 
equivalent we can prove that Harrison's complex is a subcomplex of 
Amitsur 's complex. 
This theory may be developed in greater generality using certain 
functorial properties of the cohomology theory of groups as I. Ber-
stein pointed out to me. I hope that the possibilities of explicit com-
putation as described in this paper, might also be of some interest. 
2. Notation. Let 6 be a category wi th finite direct products. This 
means that for a finite collection of objects B \ , • • • , B n in 6 there 
exists an object IIJ3 t- = 5 i X • • • X B n in Q and morphisms p c . I X ^ i 
—»J3i, so called projections, such that for any object A in © and any 
System of morphisms A — > B i , • • • , n there exists a unique 
morphism b: A - ^ J ^ B i with p j ) = b i . We write ( b \ t * • • , &») instead 
of b. It is easy to see that ( p i , • • • , p n ) = id, the identity on XI^»« 
The direct product of n copies of B w i l l be written as B n . Further-
more we denote by Mor(^4, B ) the set of morphisms from A to B . 
For any finite set of morphisms & t GMor(^4 t - , B i ) , i = l , • * • , n we 
denote by (&i X • • • X bn) the morphism ( b i p u • • • , b n p n ) 
GMor(IL4<> 115») , where p j G M o r ( Y [ A i f A , ) . For the composi-
Received by the editors May 11, 1963. 
1 The author was supported by NATO-Research-Fellowship 4-s-nato 273 gf. 
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tion of these morphisms we have the following rules [3 , Propositions 
3.5, 3.6, 3.7]: let &GMor( ,4 , B ) , c<6Mor (B , & ) 9 ^ £ M o r ( C » , D * ) , 
and e,GMor(£> t-, E i ) , then 
(a) fa, • • • , = (cib> • • • , 
(2.1) (b) (di X • • • X d n ) ( c h • • • , O = ( i i d , • • • , ü U n ) , 
(c) («i X • • • X e n ) ( d i X • • • X dn) = M X • • • X e n d n ) . 
Since we do not assume that the category 6 is a category with zeros 
in the sense of [3 ] we have to use another axiom for the neutral de-
ment for group-like structures. 
The complete set of axioms which we shall use is: 
(I) There exists a morphism J U : I X X - » I . p is called a multiplica-
tion on X . 
(II) There exists an element 0 G M o r ( X , X ) such that 
(a) 0/ = 0g for all objects A and a l l / , g G Mor(.4, X ) , 
(b) M(0, id) = id G M o r ( X , X ) , 
(c) /i(id, 0) = i d G M o r ( X , X ) . 
(III) M ( M X i d ) = M ( i d X M ) G M o r ( X 8 , X ) . 
(IV) There exists a morphism s G M o r ( X , X ) such that /x(id, s) 
= M(5, i d ) = 0 G M o r ( X , X ) . 
(V) Let id = (pi, £ 2 ) and r = (£ 2 , £ i ) G M o r ( X 2 , X 2 ) , then / i = / ir . 
If (I) and (III) hold, then X is called a semigroup, if (I), (II), (III), 
and (IV) hold, then X is called a group and if (I), (II), (III), (IV) 
and (V) hold, then X is called a commutative group. We write (A r , fi) 
to indicate that JX is the multiplication on X under consideration. 
One easily proves that 0GMor(^4 , A ) is unique. We call 0 the 
neutral element of the multiplication ju. If the necessary axioms hold 
for the multiplication p in X , we shall use the following notation 
with x t G M o r ( i , X ) 
(a) p ( x i , x 2 ) = x v x 2 ( = x i + x 2 ) , 
(2.2) (b) 0 ^ = 1 ( = 0 ) , 
(c) sxi = x r l (= — X i ) . 
The notation in parentheses wi l l be used, if the multiplication is 
commutative, i.e., if axiom (V) holds. 
Let now ( X , /x) be a semigroup and ( F , v) a commutative group 
and X G M o r ( X X F , F ) . Then we shall write for a l l A and all mor-
phisms x G M o r ( j 4 , X ) , y G M o r ( i 4 , F) 
(2.3) X(s, y ) = %-y. 
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This notation should not interfere with the notation (2.2.a). 
W e call F an X-module , if Y is a commutative group and X oper-
ates on Y as in (2.3) and if for all x , X i , x 2 6 M o r ( i , X ) \ y , y u y i 
G M o r ( i , Y) 
^ (a) x - ( y i + y 2 ) = x - y i + x-y2, 
(b) ( x v x 2 ) - y = a i - f o - y ) 
and if M o r ( X , F ) ^ 0 . 
W e shall call the X-module structure on Y t r ivial if \ ( x , y ) = y for 
all A and all » £ M o r ( i 4 , X ) , ultratrivial if X(#, y) =0 for all A and all 
x G M o r ( i , X ) . If ( X , p ) has a neutral element 1 and if X ( l , y ) = y , 
then we call Y a unitary X-module. Certainly a tr ivial X-module 
structure on Y implies that Y is a unitary X-module. We remark 
furthermore that wi th the above definitions Mor(i4, Y) is a group if 
Y is a group [3, Theorem 4.10]. 
A l l these definitions are already well known [3 ] but by using the 
notation (2.2) and (2.3) computation wi l l become easier and we can 
easily refer to computations made in the classical case. Thus axioms 
(2.4) are already given in this notation and stand for certain com-
mutative diagrams. 
3. Cohomology of groups. In the notation given in the preceding 
Paragraph i t is now easy to generalize the definition of the coho-
mology of a semigroup ( X , fx) with coefficients in an X-module (F , v ) . 
We define the differentiation dn: M o r ( X n , F ) - > M o r ( X n + 1 , F) by 
H f ) = d " ( f ) ( p u • • • ,#n +i) 
= pi-(f(p*> • • * , P n + l ) ) 
n 
+ E • • • . P r p i + i , • • • , Pn+l) 
+ ( - V n + 1 f ( P l , • • • , P n ) , 
where P i G M o r ( X " + l , X ) , / G M o r ( X n , F ) and ( - l ) ' / = s 1 / . As in 
ordinary cohomology theory [4 ] one checks d " + l d " ( f ) = 0 and that 
3 " is a homomorphism. Furthermore we define a set which we denote 
by M o r ( X ° , F ) = M o r ( F , 7 ) 0 , where 0 £ M o r ( X , F ) . It is easy to 
see that M o r ( X ° , F) is a commutative group under the induced multi-
plication of F . W e define 3 ° : M o r ( Z ° , F ) - > M o r ( X , F) by 
6»(/0)(/>) = p - ( f 0 ) - (/0) G M o r ( X , F ) , 
where (£) = id£Mor(-X", X ) . 3 ° is a homomorphism too and we get 
d W ( f 0 ) =0. 
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If the category 6 has a final object F [5, p. 332], i.e., if there exists 
an object F such that Mor(i4, F) contains exactly one element for all 
A in C, and if M o r ( F , Y) is nonempty, then 0 £ M o r ( F , Y) admits 
the factorization 
0 
F - > F - > F 
and Mor (X° , F ) ^ M o r ( 7 ? , F) by a natural isomorphism, which ex-
plains the definition of Mor(X°, F ) . In the examples in §4 we always 
shall have categories with a final object. 
W e thus have constructed a complex of abelian groups: 
d~l d° d1 
(3.1) 0 • Mor(X°, F) -> M o r ( X , F) - * M o r ( X 2 , F) • • • . 
We define the inhomogeneous cohomology groups of X with coeffi-
cients in F by 
H n ( X , F) = K e r d V I m d n ~ \ » ^ 0. 
W e also can define the homogeneous cohomology groups. For this 
purpose we consider the set of morphisms / £ M o r ( X n + 1 , F) with the 
property 
and denote this set by M o r x ( X " + 1 , F ) . One can easily prove that this 
definition implies 
*'(/(*o, • • • , O ) = f ( x - x 0 j • • • , 
for Ä t -£Mor( i4 , X ) . Obviously M o r x ( X n + 1 , F) is still a commuta-
tive group. We define homomorphisms 
8": M o r x ( X n , Y) -> M o r ^ X » * 1 , F ) , » ^ 1 
by 
n 
«"(/)(#0, • • • , # » ) = E ( - l ) ' / ( # 0 , • • • , h - • • , P n ) , 
where ^ means that the projection under this sign is to be omitted. 
Here again one easily checks that 5 n + 1 5 n ( / ) =0. Thus one obtains the 
complex 
5° 8l ö2 
(3.2) 0 -> M o r x ( X , F) - » M o r x ( X 2 , F) —» • • • 
and defines homogeneous cohomology groups by 
H n ( X , F) = Kerf^VImfi» n ^ 0. 
T H E O R E M 3.1. L e t ( X , ju) &e a gr0w£ a n d ( Y , v ) a u n i t a r y X - m o d u l e 
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a n d l e t M o r ( F , X ) * 0 . Then 
H n ( X , F) ^ H * ( X , Y ) , n ^ O . 
P R O O F . This proof is exactly the same as in the ordinary cohomol-
ogy of groups [ 4 ] ; one proves that M o r x ( X n + 1 , F ) ^ M o r ( X n , Y) and 
that the differentiation Operators ö n and d n commute with these iso-
morphisms. 
If now (X, fx) is a semigroup wi th neutral element and ( F , v) is an 
X-module then we consider those elements / £ M o r ( X n , F) wi th 
/(xi, • • • , x n ) =0 if one of the ac t-GMor(i4, X ) is the neutral element. 
This subset forms a group M o r N ( X n i Y) of normalized cochains for 
n ^ l . For n = 0 we define M o r j V ( X ° , F) = Mor (X° , F ) . If we denote 
the differentiation induced by dn on these subgroups also by dn we 
get the complex 
(3.3) 0 > Mor*(X°, F) -> M o r * ( X , F) -> M o r * ( X 2 , F) • • • 
and the cohomology groups 
H n { X , Y) = KerdVIma*- 1, n ^ 0. 
A s in the classical case [4 ] one proves 
P R O P O S I T I O N 3.2. L e t (X, /x) a s e m i g r o u p w i t h n e u t r a l element a n d 
( F , v) a u n i t a r y X - m o d u l e . Then 
H»(X, Y) ^ H n ( X , F ) , n ^ 0. 
4. Examples. Le t us now consider two examples of this theory. In 
the first example let 6 be the category of sets and set maps; then we 
get the ordinary cohomology of groups. 
Another example is the following, due to Harrison [ö ] : For a com-
mutative ring K wi th identity consider the category d of commuta-
tive X-algebras with identity and i£-algebra homomorphisms which 
preserve the identity. Le t (3= a ° be the dual of this category. Since 
Cl has finite inverse products, namely the tensor products of K -
algebras, 6 has finite direct products. Since G, has an initial object K 
(in the sense of [5]), i.e., every set of i£-algebra homomorphisms 
from K to any X-algebra A consists of exactly one element, 6 has a 
final object K \ 
Le t now A be any arbitrary X-algebra in Ct, (z) = Z the infinite 
cyclic group with generator z, and G any commutative multiplicative 
group. We denote by K ( Z ) and K ( G ) the group rings of Z and G 
over K . Then the following definitions make A° into a semigroup, 
K(Z)° and K(G)° into groups, and induce an ultratrivial ^4°-module 
structure and a t r iv ia l i£(G)°-module structure on K(Z)°: 
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Mi: A —> A ® A fii(a) — 1 ® a 
M2: K ( G ) K ( G ) ® K ( G ) ß2(g) = g® g 
v: K ( Z ) -»K(Z) ® K ( Z ) v(z) = z® z 
Xi: K ( Z ) A ® K ( Z ) \ x ( z ) = 1 ® 1 
X 2: K ( Z ) - + K ( G ) ® K ( Z ) X2(z) = 1 ® z. 
We notice that all -algebra homomorphisms from K ( Z ) to A are 
uniquely determined by the image of the generator z of Z and that 
the ränge for the images of z is just the group of units A * of A . So 
we get Mor(( ,4 0 )» , K(Z)°)^(An)*. 
If we evaluate the inhomogeneous differentiation Operators dnt we 
get Amitsur 's complex ( [ l ] and [7]) 
A° A 1 A 2 
(4.1) <ä(A/K)\ 1 ^ > K * - > A * - > ( A ® • • • 
from the ^ ° -modu le K ( Z ) \ For the X(G)°-module K(Z)° we get 
V° V 1 V 2 
(4.2) £ ( G ) : 1 K * -* K ( G ) * - * ( K ( G ) ® K ( G ) ) * - * • • • 
which is Harrison's complex [ö] in case G = Q / Z and X is a field, 
where Q are the rational numbers and Z are the integers. 
This example has already been given by Harrison in [ö] , but the 
definitions are repeated for the convenience of the reader. 
B y Theorem 3.1 we can also apply the homogeneous cohomology 
theory for the complex (4.2). B y evaluating the maps 8n we easily 
verify that this complex may be regarded as a subcomplex of A m i t -
sur's complex % { K { G ) / K ) . Indeed the subgroups which form the 
complex (4.2) in the homogeneous representation consist of a l l ele-
ments of ( K ( G ) n ) * of the form 
m 
X k i g l . i ® ' ' * ® gn.t 
t - 1 
such that JJ*mi g j , i = 1 for all i. In case G = Q / Z and qjti€zQ/Zt we 
get that & ( Q / Z ) is a subcomplex of % ( K ( Q / Z ) / K ) and that the last 
conditions read: 
m 
E h q i . i ® • • • ® <?„,,• G {K{Q/zyy 
t - 1 
such that 23"-1 Qj,%~0 for al l i. 
Thus we get a factor complex U of % = % { K ( Q / Z ) / K ) over 
§ = & ( Q / Z ) and an exact sequence 
(4.3) 2t-> U - * l . 
1964] COHOMOLOGY OF GROUPS IN ARBITRARY CATEGORIES 809 
T H E O R E M 4.1. H ^ & ^ H ^ Q l ) , 1. 
P R O O F . The exact sequence (4.3) gives rise to an exact cohomology 
sequence 
> H n ( U ) H n ( l \ ) -> H"-\§) ~> H n - \ % ) 
We want to prove iJ n(2l) =0 for al l n . 
For 2r»(«) we have H n { % ) = H n ( K ( Q / Z ) / K ) , and K ( Q / Z ) 
^ l i r r u X ( G ) for finite cyclic groups G and by [7, p. 345] Hn{%{) 
^ Y i m ^ H n { K ( G ) / K ) . 
Now let G be a cyclic group and 1 be the unit element of G. We 
define a : K - + K ( G ) by « ( * ) = * • 1 where and 0: K ( G ) - ^ K by 
j3(X^t£ f) = ]C&;> where &»Ei£ and g the generator of G. Then as in 
the proof of [9, Lemma 3.1] we have that the chain maps defined by 
a and ß induce maps a*: H n ( K / K ) -* H»(K(G)/K) and 0*: 
H n ( K ( G ) / K ) - > H n ( K / K ) which are isomorphisms. So H n ( K ( G ) / K ) 
= 0 for all finite cyclic groups G and thus H n ( K ( Q / Z ) / K ) = 0 . B y the 
exact cohomology sequence (4.4) we get the desired result of Theo-
rem 4.1. 
We have studied the homogeneous form of Harrison's complex. 
If one tries to construct homogeneous cohomology groups for Ami t -
sur's cohomology one wi l l find that the cohomology groups vanish, 
due to the more general fact that for ultratrivial module structures 
the complex (3.2) vanishes. 
B l B L I O G R A P H Y 
1. S. A. Amitsur, Simple algebras a n d cohomology groups of a r b i t r a r y fields, Trans. 
Amer. Math. Soc. 90 (1959) 73-112. 
2. A. J . Berkson, On Amitsur's complex a n d r e s t r i c t e d L i e algebras, Trans. Amer. 
Math. Soc. 109 (1963), 430-443. 
3. B. Eckmann and P. J . Hilton, G r o u p - l i k e structures i n general categories. I. 
M u l t i p l i c a l i o n s a n d c o m u l t i p l i c a t i o n s , Math. Ann. 145 (1962), 227-255. 
4. S. Eilenberg and S. MacLane, Cohomology theory i n a b s t r a c t groups. I, Ann. of 
Math. (2) 48(1947), 326-341. 
5. P. Gabriel, Des categories aUliennes, Bull . Soc. Math. France 90 (1962), 323-
448. 
6. D . K . Harrison, A b e l i a n extensions of a r b i t r a r y fields, Trans. Amer. Math. Soc. 
106 (1963), 230-235. 
7. A . Rosenberg and D. Zelinsky, On Amitsur's complex, Trans. Amer. Math. Soc. 
97 (1960), 327-356. 
8. , Amitsur's complex f o r inseparable fields, Osaka Math. J . 14 (1962), 219— 
240. 
9. B. Pareigis and A . Rosenberg, Addendum to tlAmitsur's complex f o r p u r e l y i n -
separable fields," Osaka Math. J . (to appear). 
CORNELL UNIVERSITY AND 
UNIVERSITÄT HEIDELBERG 
